ABSTRACT Background: Diet in the first 2 y of life may be a pivotal period regarding effects on future blood pressure (BP). However, data on early-life diet and BP in childhood are sparse. Objective: We prospectively assessed associations between types of diet spanning infancy and toddlerhood (ie, transition diets across the complementary feeding period) and BP at age 7.5 y. Design: In a birth cohort study (Avon Longitudinal Study of Parents and Children; United Kingdom), a total of 1229 children had complete dietary intake data at 6, 15, and 24 mo; BP data at 7.5 y of age; and all 18 covariables. Results: Of the 2 transition diets that were extracted by using principal components analysis, the less-healthy diet was associated with an increase in systolic BP of 0.62 mm Hg (95% CI: 0.00, 1.24 mm Hg) and an increase in diastolic BP of 0.55 mm Hg (95% CI: 0.10, 1.00 mm Hg) for every one-unit (SD) increase in the less-healthy-diet score after adjustment for 15 potential confounders, including maternal characteristics and sociodemographic factors, birth variables, and breastfeeding duration. In contrast with systolic BP, the positive association between the less-healthy transition-diet score and diastolic BP persisted after additional adjustment for child body-size factors [height, body mass index (BMI), and waist circumference] at 7.5 y. Conclusions: A less-healthy transition diet by age 2 y was associated with higher BP at 7.5 y. The BMI-related reduction in effect size reinforces the importance of BMI on the diet-BP relation. Am J Clin Nutr 2013;97:1375-86.
INTRODUCTION
Childhood blood pressure (BP) 4 tracks into adulthood (1, 2) and predicts subsequent hypertension (3, 4) . Early diet may influence childhood BP and later cardiovascular health (2, (5) (6) (7) (8) . The first 2 y of life may be a sensitive period regarding the effect of diet on future BP because this is a period of dynamic dietary change when children make the transition from a milk-based diet to family foods. It is a crucial period for the development of food habits and taste preferences (9) .
Previous research has explored the roles of pregnancy diet and birth weight as proxies for in-utero nutrition (10) and the mode (breast compared with formula) and duration of milk feeding on BP in childhood. A review of maternal influences on offspring BP concluded that maternal exposures previously thought to influence offspring BP, such as smoking, are unlikely to be drivers of offspring BP (11) . Maternal nutrient intakes in pregnancy did not influence BP in well-nourished 7-y-olds in the Avon Longitudinal Study of Parents and Children (ALSPAC) (12) , which raised the possibility that child-related factors, such as suboptimal infant feeding and early life diet, may be pivotal in setting a lifelong trajectory toward higher BP and hypertension.
Breastfeeding has been associated with a lower BP in children born at term (13) . However, a more-recent study compared associations between populations with differing confounding structures to improve the causal inference. The authors concluded that the association between breastfeeding and child BP was unlikely to be causal and more likely to reflect residual confounding (14) .
The influence of early diet on BP beyond in utero nutrition or infant milk feeding remains relatively unexplored (8) . Sodium intake during the complementary feeding period (ie, the transition from a milk-based to food-based diet) has been positively associated with BP at age 7 y, independent of pregnancy or childhood sodium intake (15) . However, the association between diet and BP is likely to reflect the interplay between multiple aspects of diet that are risk promoting (eg, sodium intake) and reducing (eg, fiber, fruit and vegetables, whole-grain foods, and unsaturated fats). Our recent systematic review of the overall diet in 1-5-y-olds in developed countries showed only 5 studies that assessed early life diet as an exposure for health or developmental outcomes (16) . All of these studied analyzed diet cross-sectionally, and none of the studies had BP as an outcome.
We have previously undertaken a novel analysis, to our knowledge, of the whole of diet by using principal components analysis (PCA), which us a multivariate statistical technique that uses correlations between dietary items across the ages of 6-24 mo, which identified latent constructs that reflect patterns of a transition diet (17) . In the current study, we aim to assess the association of transition diets (spanning the 18-mo period from 6 to 24 mo of age) with BP in 7-y-old children from the population-based birth cohort study the ALSPAC (18, 19) .
SUBJECTS AND METHODS
Pregnant women who were residing in the then county of Avon in the southwest of England and expecting to deliver between April 1991 and December 1992 were invited to participate in the ALSPAC. The core ALSPAC sample consisted of 14,541 pregnancies with 14,472 known outcomes. There were 14,676 fetuses, 14,062 of which were live births, with 13,988 infants alive at 1 y. Thirteen triplets and quadruplets were excluded. The study sample was broadly representative of the local Avon population (19) , although single parents, unmarried couples, and ethnic minorities were underrepresented compared with in the 1991 National Census of women residing in Avon. At the age of 7 y, all ALSPAC children were invited to attend a clinic at which a range of physiologic factors, including BP, were measured. Ethics approval for the study was obtained from the ALSPAC Law and Ethics Committee and local research ethics committees.
Dietary intake
The frequency of food and beverage intake was assessed via carer-completed questionnaires that were posted to the primary caregiver when the study child was 6, 15, and 24 mo of age. Postal reminders and phone prompts were used to maintain the response rate for questionnaires not returned within 4 wk. Food items in questionnaires were selected by a qualified research dietitian (PE) to reflect those commonly fed to infants and toddlers at the time. The 6-mo questionnaire covered the period from birth to 6 mo, whereas the 15-mo questionnaire covered the period from 6 to 15 mo, and the 24-mo questionnaire covered the period from 15 to 24 mo (20, 21) . Caregivers were asked to document the frequency of intake of foods nowadays. Intakes of dietary items from the 3 time points were analyzed, including breastfeeding and the food source (raw, home-prepared, or ready-prepared commercial infant foods from jars, tins, or packets). Portion-size information was not available, and the questionnaires have not been compared against other forms of dietary assessment.
Multiple time-point PCAs
PCA is a multivariate technique that can extract a set of patterns from a much-larger number of dietary intake variables only if there are a sufficient number of highly correlated dietary intakes in the correlation matrix that underpins PCA. We were able to conduct a multiple time-point PCA (ie, PCA on a single data set that combined data from 3 consecutive time points) because these data sets are unique, with each data set containing only age-appropriate foods, many of which were identified by PCA as highly correlated. The loading allocated to an intake variable reflected both the size of the gradient or variation in intake of that food within the population and the direction of that gradient (increasing or decreasing) with an increasing diet score (adherence to that pattern of intake).
This setting is different from the conventional characterization of trajectories, such as growth trajectories, where the same variable is modeled over multiple time points. The prospective PCA we applied was a multivariable analysis of correlated dietary exposures that spanned a relatively short time frame to distinguish the variation in dietary intakes across this age span.
Transition diets that spanned the 18-mo period from 6 to 24 mo of age were characterized in the subset of ALSPAC children who had complete information on all dietary intake questions at 6, 15, and 24 mo of age. Age-specific frequencies of intakes of 167 food and beverage items were entered into a single PCA. Frequencies reported as not at all or never were recoded as zero, whereas frequencies reported as always were recoded as the median frequency for children who consumed that item.
The number of components extracted was based on several criteria s follow: our research objective (to extract transition diets rather than age-specific dietary patterns), the use of the first break in the scree plot (the most common approach for identifying major dietary patterns), and the interpretability of the PCA solution. Because PCA is a multivariate technique that can extract a set of patterns from a much larger number of dietary intake variables only if there are a sufficient number of highly correlated dietary intakes in the correlation matrix that underpins PCA, we were able to conduct a multiple time-point PCA (ie, PCA on a single data set that combined data from 3 consecutive time points), which was justifiable on the basis that these data sets were unique and contained only age-appropriate foods in each data set that were identified by PCA as highly correlated. Two components sat above the first break in the scree plot, and we extracted these because they were readily interpretable on inspection as healthy and, relatively speaking, less healthy. Each of these components or patterns contained only dietary intake variables that PCA identified as sufficiently correlated. The loading allocated to an intake variable onto each pattern reflected both the size of the gradient or variation in intake of that food within the population and the direction of that gradient (increasing or decreasing) with an increasing diet score or adherence to that pattern.
We applied an oblimin rotation in our final PCA solution because this allowed for correlations between diet scores, which was a realistic approach to examine the structures underlying intakes of foods and beverages (22, 23) . For every participant and for each transition diet, a score was generated that represented the sum of products of the loading for each original dietary item by the frequency of intake of that dietary item (standardized with PASW/SPSS PAWS/SPSS for Window software; version 18.0, SPSS Inc) (24, 25) . Generated diet scores were standardized to a normal distribution with a mean (6SD) of 0 6 1. Although all loadings have been reported, the naming of transition diets was based on dietary items with loadings $0.3 to aid in their interpretability and discussion.
BP measurement
Systolic BP and diastolic BP were measured with a Dinamap 9301 Vital Signs Monitor (Critikon), which is a reliable instrument with repeated measures that yield correlation coefficients of 0.88 for systolic BP and 0.83 for diastolic BP (26) . The mean of 2 consecutive readings was calculated. Child-size cuffs were used for children with upper-arm circumferences ,18 cm, and small adult cuffs were used to measure BP in children with upper-arm circumferences $18 cm. Room temperature was assessed by using a commercial digital thermometer. The current age of a child at measurement was calculated as the period between the date of birth and the date of clinic attendance.
Potential confounders and mediators
Information on maternal age, education, social class, prepregnancy weight and height, marital status, smoking history, and number of children (,16 y old) living in the family home was collected via postal questionnaires sent between 8 and 32 wk gestation. Maternal education was reported as the highest completed level of the following 5 categories: Certificate of Secondary Education, vocational training, O (ordinary)-level (examinations for the top 25% academically of the Certificate of Secondary Education; examinations taken at the age of 16 y), A (advanced)-level (subsequent examinations after 2 additional years of study beyond the O-level), and a degree or higher. Standard classifications of occupation were used to categorize maternal social class, where I was the highest (professional) category and V (unskilled manual worker) was the lowest category (27) . Maternal BMI (in kg/m 2 ) was calculated from a maternal self-report of prepregnancy weight and height. Infant characteristics and birth variables [sex, gestational age (wk), singleton or twin, and birth weight (g)] were recorded at birth (28) . Potential mediators of childhood BP (ie, child weight, height, and waist circumference) were measured at the 7-y clinic. BMI was calculated as weight (in kg) divided by the square of height (in m). Information available for participants is shown in Figure 1 . FIGURE 1. Participation at baseline, birth, and 1 y of age, and data collection and analysis. The analysis of diet was conducted for participants with complete data for all dietary intake variables at 6, 15, and 24 mo of age and BP at 7.5 y of age. BP associations with transition diets were assessed for participants with complete dietary and covariable data. Data accessed at http://www.bristol.ac.uk/alspac (18) . BP, blood pressure; quads, quadruplets; trips, triplets.
Statistical analysis
Maternal sociodemographic and lifestyle factors and infant characteristics of respondents who provided complete 6-, 15-, and 24-mo food and beverage intake data were compared with nonrespondents by using independent t tests for continuous variables and chi-square tests for categorical variables. The face validity of components was assessed by examination of mean intakes of contributing dietary items across quartiles of transition-diet pattern scores. The association between BP and transition-diet scores, adjusted for maternal characteristics, sociodemographic factors, birth variables, breastfeeding duration, and child characteristics, was assessed by using multivariable linear regression of transition-diet scores as predictors of BP. Regression coefficients (b), 95% CIs, and P values were used to evaluate these associations. Statistical analyses were conducted with PAWS/SPSS for Windows software (version 18.0).
RESULTS
Differences between ALSPAC children with and without complete dietary data at 6, 15, and 24 mo of age with BP measured at 7.5 y are shown in Table 1 . Characteristics of children with and without complete data were broadly similar, although mothers of children with complete dietary data were more likely to have a higher level of education and social class and to have been nonsmokers than were mothers of children with incomplete dietary information.
Transition diets
Two components sat above the first break in the scree plot. We extracted these components because they were readily interpretable on inspection as healthy and, relatively speaking, less healthy. Each of the components or patterns contained strong loadings only for dietary intake variables that PCA identified as highly correlated. These transition diets characterized the variation in the intake of foods consumed across infancy and toddlerhood, and loadings for dietary items that contributed strongly to either transition diet are shown in Table 2 . The first transition diet was characterized by home-prepared and raw foods, and the second transition diet was characterized by ready-prepared and ready-to-eat processed foods across all time points. BP and intake gradients of foods and beverages with PCA loadings .0.30 across quartiles of TD1 and TD2 scores spanning the period between 6 and 24 mo of age in children who had BP measured at the 7-y clinic and complete data (n = 1229) 
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To better interpret loadings, the mean frequency of intake of foods with relatively high loadings ($0.40) by quartiles of diet score are shown in Table 2 . A high loading for a food or beverage on either transition diet was, in general, associated with a relatively high gradient of intake (variation) across quartiles of that diet score. Dietary items with intake frequencies that showed little variation within the study population did not load highly on either diet, regardless of the consumption frequency, as seen, eg, by the lack of a gradient of intake across quartiles of diet scores for both (frequently consumed) cow and (infrequently consumed) goat milk.
The unadjusted mean systolic BP and diastolic BP at 7.5 y and the mean transition-diet score across quartiles of transition-diet score are also reported in Table 2 . Systolic BP was 2.5 mm Hg higher (95% CI: 1.17, 3.38 mm Hg) and diastolic BP was 1.5 mm Hg higher (95% CI: 0.51, 2.41 mm Hg) in children in the top quartile of less-healthy-diet scores compared with children in the bottom quartile of less-healthy-diet scores. Mean systolic BP and diastolic BP did not vary substantially across quartiles of the healthy-diet score.
Variable estimates from linear regression models that examined the associations between diet scores and later BP are shown in Table 3 .
Systolic BP
In the minimally adjusted model (ie, controlled for age, sex, ethnicity, room temperature, and healthy transition-diet score), systolic BP was 0.77 mm Hg higher (95% CI: 0.31, 1.23 mm Hg) per one-unit (SD) increase in the less-healthy-diet score. The less-healthy-diet score was associated with an increase in systolic BP of 0.62 mm Hg (95% CI: 0.00, 1.24 mm Hg) for every oneunit (SD) increase in the less-healthy-diet score after adjustment for 15 potential confounders, including maternal characteristics and sociodemographic factors, birth variables, and breastfeeding duration. In the final model, which was adjusted for child body size at 7.5 y, a measure of the current energy balance, a 1-SD increase in the less-healthy-diet score was associated with an increase in systolic BP of 0.46 mm Hg (95% CI: 20.13, 1.05 mm Hg). The healthy transition-diet score was not associated with systolic BP in any regression model (Table 3) .
Diastolic BP
In the minimally adjusted model (ie, controlled for age, sex, ethnicity, and room temperature), diastolic BP was positively associated with the less-healthy-diet score (0.44; 95% CI: 0.11, 0.77). The less-healthy-diet score was associated with an increase in diastolic BP of 0.55 mm Hg (95% CI: 0.10, 1.00 mm Hg) for every one-unit (SD) increase in the less-healthy-diet score after adjustment for 15 potential confounders, including maternal characteristics and sociodemographic factors, birth variables, and breastfeeding duration. In the fully adjusted model, there remained an increase in diastolic BP of 0.49 mm Hg (95% CI: 0.05, 0.94 mm Hg) per one-unit increase in the less-healthy-diet score. There was an inverse association between the healthy transition-diet score and diastolic BP, but this was attenuated after adjustment for confounders (Table 3) .
Because every child has a score assigned for both healthy and less-healthy transition diets, the interpretation of the diet score-BP relation was best understood by a comparison of BP in high and low scorers within each transition diet rather than between diet scores. The PCA standardized scores to a mean (6SD) of 0 6 1 in an approximately normal distribution. For example, as shown in Table 2 , between children with transition-diet scores in either quartile 1 (low scorers) or 4 (high scorers), there was a difference of 2.4-SD units of diet score. The b coefficient for either diet in the final causal model (model 3) was multiplied by this difference in score of 2.4 units, and this reflected the average difference in BP between children with scores in quartiles 1 and 4. For the less-healthy transition diet, high scorers had a systolic BP that was 1.5 mm Hg higher and a diastolic BP that was 1.3 mm Hg higher than those of low scorers. At age 7 y, infants and toddlers who had a diet characterized by a $2-fold frequency of intake of chips, chocolate, savory snacks, added sugar, ketchup, or salt, and fruit drinks than that of low scorers had a 1.5-mm Hg higher systolic BP and a 1.5-mm Hg diastolic BP after adjustment for 18 potential confounders.
DISCUSSION
A reduction in BP through secular changes, medical, or lifestyle interventions over recent decades has contributed to a remarkable decline in cardiovascular disease mortality in many high-income countries. A recent study reported a dramatic secular decline in BP over 10 y in Korean children (8.7 mm Hg in boys and 10.0 mm Hg in girls), which indicated that important determinants of BP may originate ,10 y of age (29) . Our key finding that early life diet spanning infancy and toddlerhood can affect BP at 7.5 y of age in a manner not explained by maternal and social factors, birth variables, breastfeeding duration, or child characteristics indicated that influences on BP may be present in early life. Furthermore, this finding may have public health significance because it raises the possibility that diet in the first 2 y of life may be a modifiable influence on the tracking of child BP toward future hypertension.
Of the 2 PCA-derived transition diets described in this study, the diet that was associated positively with BP after adjustment for potential confounders was characterized by higher intakes at 6 mo of age of blackcurrant or rosehip juice, cookies, and chocolate, at 15 mo of age of canned soup, cookies, and added salt, at both 15 and 24 mo of fruit drinks, fizzy drinks, tea, baked beans, snack foods (savory snacks, sweets, chips, cola, and chocolate), and added gravy or sugar, and at 24 mo of age of potato and coffee consumption and added tomato ketchup. Breastfeeding at 6 mo of age was inversely associated with this less-healthy transition diet but positively associated with the healthy transition diet, which indicated that breastfeeding at 6 mo of age may be a marker for overall diet quality during infancy and toddlerhood in this population.
Note that many of the foods prominent in the less-healthy transition diet were similar to the snack, convenience, and highly processed foods shown in adult dietary patterns associated with cardiovascular disease and diabetes (30, 31) . It may be that suboptimal feeding practices in infancy adversely influence developing taste preferences (32, 33) or food habits and may contribute to poorer food choices and health outcomes over the life course.
In the context of the early life diet, the relation between salt and BP is of particular interest because a recent study highlighted an excessive intake of salt by 8-mo-old infants in this cohort (34) . Excess salt is implicated in the development of hypertension and progression of chronic kidney disease (35) . However, w80% of salt intake is nondiscretionary and inadvertently consumed in processed foods. Brion et al (15) showed that, by 8 mo of age, 73% of ALSPAC infants had exceeded recommended amounts of sodium intake. Furthermore, sodium intake in 4-mo-old ALSPAC infants was positively associated with systolic BP at 7 y of age. Sodium-reduction interventions in children have shown reductions in BP of 1-3 mm Hg. One such study investigated the importance of early salt intake to later BP in 1980 in a randomized trial of 476 Dutch newborn infants. At the end of the 6-mo trial, systolic BP in the low-sodium group (n = 231) was 2.1 mm Hg lower than in the control group (n = 245). Salt restriction for 6 mo also produced a persistent reduction in BP at age 15 y (36) . In addition to added salt, inadvertent salt intake that accompanies a higher intake of ready-made, convenient, and snack foods in the less-healthy transition diet may have played a role in the observed association between early diet and later BP.
The complexity of intercorrelations and synergistic effects between nutrients has contributed to the development and promotion of a whole-of-diet approach for the prevention and treatment of hypertension and other cardiovascular disease risk factors in both adults and children that includes the restriction of refined carbohydrate and high-salt foods (ie, the Dietary Approaches to Stop Hypertension diet (37) (38) (39) . In the current study, compared with intake in the lowest quartile of the less-healthydiet score, intakes in the highest quartile were.2-fold higher for added gravy, added salt, added sugar, cookies, blackcurrant or rosehip juice, fruit drink or squash, canned soup, chocolate, chips, fizzy drinks, savory snacks, sweets, and tomato ketchup and .2-fold lower for the frequency of breastfeeding and legume intakes. After adjustment for potential (prenatal, birth-related, and childrelated) confounders, including breastfeeding history (model 3), children with less-healthy-diet scores in the highest quartile had higher mean systolic BP and diastolic BP than did children with less-healthy-diet scores in the lowest quartile, which was an effect size comparable to that seen with the lowering of salt from high to moderate intake in adults in the Dietary Approaches to Stop Hypertension diet (40) . A longer duration of breastfeeding was associated with a lower systolic BP; however, Brion et al (14) have recently suggested that this association may reflect residual confounding.
Birth weight and postnatal weight gain have been associated with later BP in some studies (41) . However, the association we observed between the less-healthy transition diet and child BP persisted after adjustment for body size, both at birth and at measurement of BP. That the effect of infant diet on child BP was barely attenuated by adjustment for both birth weight and current child body size may have indicated that the observed association between diet and BP was unlikely to be explained solely in terms of either fetal growth restriction or catch-up growth. Nor does the effect appear to be dependent on prenatal factors, such as maternal characteristics or sociodemographic factors, which is an observation consistent with other studies (14, 41, 42) . Because the final regression model (4) showed that current body weight influenced systolic BP and attenuated the effect of early diet on BP, our results also highlighted that the tracking of diet might be one mechanisms through which current body weight influences BP.
A limitation of the study was that the dietary assessment method used for intakes at 6, 15, and 24 mo of age has not been formally validated. However, a comparison between questionnaire items and diet diaries collected from a subset of infants at 4 and 8 mo of age showed that the questionnaire items were consistent with foods commonly consumed in this sample. Furthermore, frequency data are commonly used for PCA, which identifies latent constructs (dietary patterns) on the basis of correlated intakes, either the frequency or absolute. Other limitations included the surrogate reporting of dietary intake, possibility of unmeasured confounding, and generalizability of observations, given that the analyses were restricted to the subset of children with complete dietary data across 3 time points. Because more than one-half of this subcohort of children who had BP measurements had missing dietary and covariable data, we considered the imputation of missing data to be a less acceptable 1 All values are bs; 95% CIs in parentheses. PCA-derived diet scores were standardized to a normal distribution with a mean (6SD) of 0 6 1 (ie, a oneunit change diet score is an SD). Analysis was based on children in the core sample who were alive at 1 y (n = 13,978). General linear regression models with progressive adjustment were used to analyze data. Model 1 was the basic model. Model 2 was adjusted as for model 1 and for birth variables. statistical approach than a complete case analysis. However, for children who participated in the clinical evaluation, as shown in Table 1 , we have reported sociodemographic, maternal, and child characteristics that differed between those children for whom complete dietary data were available at 6, 15, and 24 mo and those children who had missing dietary data. These observations facilitated the interpretation of our results for .1000 children with complete dietary data who had mothers who were more educated, older, and more likely to be never-smokers than were mothers of children with incomplete dietary data. A sequential adjustment for a wide range of potential confounders was undertaken in an attempt to reduce the bias in the estimated effect of diet on BP, and the pattern of adjusted findings indicated that some confounding of early diet on child BP was present, as shown by changes in the size of the effect of diet on BP. Residual confounding remains a concern because we could not be certain that all confounders were identified and measured accurately.
In conclusion, suboptimal diets in the first 2 y of life are associated with higher BP by age 7.5 y in a subset of a large birthcohort study. The BMI-related reduction in effect size of early diet on later BP reinforces the importance of BMI on the diet-BP relation. If these findings are confirmed in future studies, this would suggest that early life nutrition interventions may assist in the prevention of elevated child BP and future development of hypertension.
